Farmers in the Corn Belt generally recognize the soil-building characteristics of grasses and legumes. Many, however, do not use optimum acreage of these crops to provide cheap feed and to improve their soils because they do not realize the full potentialities of their hay and pasture. One reason is that they are not sufficiently familiar with the results that can be obtained both from using methods of production and harvesting which improve yields and lower costs and from feeding rations with higher proportions of good-quality forage.
Some also hesitate to grow and feed more forages because they lack the additional capital or they are unwilling to take the greater risks that would be involved in different systems of farming. Data for this analysis of feed substitution relationships, capital and labor requirements, and degree of risk associated with different systems of feeding dairy cows, beef cattle, feeder lambs, and hogs were obtained from available reports and unpublished information on livestock-feeding experiments, previous farm-management studies, and price statistics.
FORAGE-GRAIN SUBSTITUTION RELATIONSHIPS Relationship of Crop Enterprises and Forage Utilization
Forage crops may bear either of two relationships with grain crops.
They are complementary if an increased acreage of forage causes total production of grain to increase from a given area of land. They are competitive if a greater acreage and production of forage is possible only as production of grain is sacrificed on a given area of land.
These two relationships are illustrated in the data of table 1, which are based on rotation experiments. As the last three columns show, some combinations of hay and grain produce more pounds of grain than grain crops alone on 100 acres of the two soil types included. But a further extension of the acreage of forage results in a decrease in total production of grain. The Ohio data show that not only does forage become competitive with grain but each additional increase in the output of forage results in a greater decrease in the total production of grain. 2 C = corn, = oats, W=wheat, CI = clover, A -alfalfa. 3 Complementary. 4 From unpublished data, Dept. of Agronomy, Iowa Agr. Expt. Sta., Ames, Iowa, 1915-48. If capital is so limited that investment in livestock is impossible, the only alternative for a farmer may be to use the complementary forage as a green-manure crop. 1 A farmer who is less limited in capital has a more complex problem of utilizing forages. He may lack capital to invest in enough livestock to consume all forage produced complementary with grain. He will be concerned with the combination of livestock and feed-utilization systems that will bring the largest income or will involve the smallest risk per dollar invested. This may not mean complete utilization of the complementary forage.
Problems of production and utilization are more complex for a farmer who has ample capital. A farmer whose ability to utilize 1 Individual farmers in some areas may find it possible to lease pasture land to neighbors or to sell hay ; often no such opportunity exists. forage in livestock production is not limited by availability of capital must consider how much to expand production of forage into the competitive areas as well as the problem of how to utilize the forage. Here substitution relationships become significant in deciding upon both the best ration for a particular type of livestock and the rotation that will allow a maximum value of livestock products from a given quantity of land and other resources.
Although they may be extremely limited as to capital, many farmers must operate in the competitive area. This may be true for some because under their soil situations the grain-forage relationship is competitive throughout all combinations. For many it may be true because they remain on a particular farm only a short time. In a single year the relationship between forage and grain is competitive and, therefore, the complementary aspects of forage-grain combinations have no significance unless the individual remains on the farm long enough for the indirect benefits of the rotation to be realized.
Further discussion of optimum combinations of forage and grain from the viewpoint of both production and utilization follows an examination of the rates at which forage substitutes for grain in livestockfeeding rations.
Livestock Substitution Relationships
A given quantity of a livestock product (100 pounds of milk, pork, or beef) can be produced with many combinations of grains and forages.
Beef or milk can be produced with forages alone and pork or poultry products can be produced with grains alone. However, grain and forages can be substituted for each other so that 100 pounds of livestock product can be produced with many combinations of the two feeds.
The lowest-cost combination among these combinations de- pends upon (1) the rate at which forage substitutes for grain in producing a given quantity of livestock product and (2) the price or cost of forage relative to that of grain. For example, suppose that 100 pounds of milk can be produced with 40 pounds of corn and 94 pounds of alfalfa hay. Suppose further that the same quantity of milk can be produced with only 37 pounds of corn if 100 pounds of hay are included in the ration. In these two examples the addition of 6 pounds of forage reduces the grain requirement by 3 pounds. That is, the additional 6 pounds of hay are equivalent to 3 pounds of grain in producing milk. If hay is worth a cent a pound ($20 per ton) and corn is worth 2.5 cents a pound ($1.40 per bushel) , the additional 6 pounds of hay fed would be worth only 6 cents, whereas the 3 pounds of corn saved would be worth 7.5 cents.
Obviously it would pay to make the substitution. Will it pay to substitute still more forage for grain ? The answer depends on the nature of the substitution relationship-whether forage substitutes for grain at a constant or at a diminishing rate.
If the rate is constant, each additional 6 pounds of hay will replace another 3 pounds of grain. Obviously, with hay at a cent a pound and grain at 2.5 cents a pound it would be profitable to replace all of the grain in the ration with forage. If the price of hay rose in relation to that of grain, so that 6 pounds of hay were more expensive than 3 Higher levels of total feed were possible, however, only as levels of grain feeding were increased and the cow reduced her consumption of forage. Thus the resulting data included an element of feed substitution as well as the relationship between total feed fed and the production of milk. Within the range on the "production surface" used in the present analysis, considerable variation appeared in the combinations of grain and hay in the ration. But we cannot be certain that mingling of the two relationships (factor-factor and factorproduct) has been entirely eliminated in the present analysis. Additional experiments are needed wherein an attempt is made to isolate feed-combination relationships for certain outputs per cow separately from the total feed-input milk-output relationships. Many farmers produce both the grain and forage they feed. Others produce forage on their own farms and buy grain. However, the 3 Feed substitution rates and hence least-cost feed combinations vary with levels of output per animal. Consequently the highest profit per animal is accomplished by (a) obtaining the lowest cost (feed and other resources) combination for each level of production and (&) extending the level of production so far as the value of the additional product is greater than the cost of the additional feed and other resources used to produce it. Thus the most profitable level of production per animal depends on the rate at which resources are transformed into a particular livestock product (for example, the number of pounds of feed required to produce 100 pounds of milk as production per cow is extended to higher levels) and the price of the product relative to the price of feed and other factors used in its production. same basic principles apply regardless of the source of feed. For example, if it costs the farmer 5 cents to produce a pound of hay ($10 a ton) and 1.5 cents to produce a pound of corn (84 cents a bushel) the cost of 3 pounds of hay is equal to the cost of producing a pound of grain. The least-cost feed combination is then the one at which 3 pounds of hay just replace 1 pound of grain. --. The timing of returns from various feeding systems has two aspects: (1) The length of time required to replace the original investments for establishing the various feed-utilization systems, and (2) the nature of the flow of returns during the production period for each feeding system. On the basis of assumed 19 11 18 price relationships, it would take 5 to 6 years to replace the investment in dairy cattle from net returns, and from 10 to 15 years to replace the investment in dairy cows and the buildings and equipment necessary for handling them. It would take 67 years to replace the original investment in beef cows for the feeding system that involves production of 400-pound feeder calves. When investments in and costs of buildings and equipment are included, net returns from this system are negative. But on the basis of 1914-48 prices the hog-feeding systems would provide net returns over costs sufficient to replace the investment in brood sows and buildings and equipment within 2 years.
Farmers who need not invest in buildings and equipment in order to establish a hog system could replace their initial outlay of capital at the end of 1 year's operation without reducing the size of the enterprise.
Feeder-cattle systems, except those for 2-year-old steers, required only 3 or 4 years to replace the initial investment in buildings and equipment and feeders. They need only 2 years to replace the initial investment in livestock from returns above costs of feed, labor, and miscellaneous expenses. Two-year-old steers required 13 years to replace all investments and 3 years to replace the investment in livestock.
The nature of the flow of returns from the various feeding systems may be important to some farmers. Dairy systems provide a fairly steady stream of income during the year at weekly or monthly intervals, which makes it possible to pay as you go for labor, feed, and other production expenses. Returns from hogs, feeder cattle, and beef cows come at less frequent intervals. This often makes it necessary to borrow money to meet operating costs and expenses for family living while production is in process.
The procedure followed in tables 13 and 14 is useful in comparing the relative rate at which returns are realized on investments in alternative feeding systems for the set of price relationships employed. How does the presence of risk and uncertainty affect selection of the most desirable grain-forage combination? To most farmers the ideal combination would be the one that returns maximum profit over time and involves the least risk. Unfortunately, a system that combines these qualities may be more than can be expected. Higher returns will often be at the expense of greater risk and uncertainty.
As forage is substituted for grain in the livestock ration the length of the production process tends to increase. That is, it takes longer to produce a pound of livestock product by feeding forage than by feeding grain. Extending the time involved in production may have two important effects. First, it may cause the marketing of the product to fall into a period of lower seasonal prices. This problem can ordinarily be handled by a change in the timing of production; for example, the date of farrowing may be adjusted. A second possible consequence of extending the production period is that market uncertainty may be increased. As the time is increased between the date plans are made and the time the product is sold the chance increases that actual prices and costs will deviate from those on which the plans were based.
MEASUREMENT OF MARKET UNCERTAINTY
It is apparent that the degree of risk and uncertainty associated with different feeding systems must be compared in the final determination of the best system. Under conditions of true uncertainty no objective measure is possible; the outcome is one of the future.
How then can uncertainty be measured? One possible indicator is the historic variability in returns from each feeding system. If the returns from a particular feeding system have shown a great deal of fluctuation in the past, it appears likely that they will also vary a great deal in the future.
(This procedure supposes the future to be some rough counterpart of the past.)
Using this method of measurement, some idea of the effect of substituting forage for grain in livestock rations on risk Two aspects of the variation in returns that is associated with alternative feeding systems are (1) the amount of variation and (2) the way in which returns are distributed above and below the average. Three basic sets of relationships determine the forage-utilization system that is most profitable for an individual farmer. These relationships are : (1) the rate at which forage substitutes for other feeds in the livestock ration and the rate at which forage substitutes for grain in the crop rotation; (2) 
